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Abstract
Today in Denmark, residue surveillance is conducted at random. However, if the surveillance is targeted to high-risk finisher 
pig herds, then the number of samples can be reduced whereby resources can be saved without jeopardizing public health. 
An analysis of Danish data covering 2.5 years has shown that finisher pig herds with a very high prevalence of chronic 
pleuritis have a higher risk of residue findings in the surveillance programme. If this is incorporated into the own control, 
then cost savings of 25% can be obtained. However, as shown in the Danish data there are other reasons for the presence of 
residues such as miscommunication and insufficient marking of treated animals. Such cases should be prevented through 
information campaigns addressed to the farmers and their advisors.
Introduction
Around 20,000 samples are analysed each year for presence of antibacterial residues in Danish slaughter pigs, and between 
zero and five samples are positive above the maximum residue level (MRL). The intention was to develop a risk-based 
surveillance programme involving fewer samples while ensuring equal safety. Therefore, risk factors were searched for. 
Material and Methods
Data were obtained from the Danish slaughterhouse database covering the period from July 2010 to December 2012. Residues 
were suspected in 17 cases. In nine of these, the farmer called in to prevent the pigs from being slaughtered. Hence, eight 
cases were found through the surveillance programme, and two of these were above MRL (Table 1). 
For these eight cases, the number of pigs slaughtered and the number in which each of the following lesions were found were 
included in a statistical analysis: chronic pleuritis, tail bite, chronic pericarditis, chronic pneumonia, chronic peritonitis, 
osteomyelitis, abscess in hindquarters, abscess in leg/toe and abscess in forequarters. Next, data from all herds delivering pigs 
for slaughter to the same abattoir were included covering a 3-month period prior to the residue finding. 
The prevalence (calculated as y/n) of chronic pleuritis in each of the eight case herds was compared with the prevalence in all 
the herds that delivered pigs to the same slaughterhouse in the same period. This was done by use of logistic regression model 
where the response was y/n and the explanatory variable was whether the finding was part of the surveillance programme or 
not. Overdispersion was taken into account by use of the P-scale option in PROC GENMOD in the software SAS® Version 
9.2 (SAS Institute Inc., Cary, NC, USA). 
Results
Among the nine lesions investigated, only chronic pleuritis was associated with presence of residues (Table 2). The subsequent 
detailed analysis revealed that the prevalence of chronic pleuritis was 1.7 times higher in the eight case herds compared to all 
other herds (Table 3). In two cases, the prevalence was significant higher (p≤0.05), and in one case substantially higher, but 
only borderline significant (p=0.1). In the remaining cases, the prevalence did not differ from the other herds delivering pigs 
to the abattoir (Table 3). It is noted in Table 3 that the average of chronic pleuritis measured over 3 months varied between 
the abattoirs and over the year; minimum 16.3% and maximum 25.3%. In a quarter of the herds (24.7%) the prevalence of 
chronic pleuritis was above 40% - corresponding to two times the rounded average of chronic pleuritis. 
Table 1. List of 17 finisher pig herds included in a study of antimicrobial residues, July 2010 to December 2012, Denmark, 
sorted by identification number 
Case 
No.
Found* in 
surveillance Finding Explanation for mistake
1 Yes Doxycyclin above MRL Inadequate use of water-medication mixer
2 Yes Penicillin G below MRL Inadequate marking of treated animal 
3 Yes Oxytetracyclin below 
MRL
Pig with residue was poorly growing and this might have caused a 
slower elimination of the drug from the body
4 Yes Penicilliin G above MRL Inadequate marking of treated pigs
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5 Yes Not found in 
confirmatory test
Information unavailable
6 Yes Penicillin G below MRL Interview with farmer did not reveal reason for finding
7 Yes Tylathromycin Information unavailable
8 No Penicillin G below MRL Interview with farmer did not reveal reason for finding
9 No n.a. Lack of internal communication - Farmer called slaughterhouse in 
time and treated pigs were driven back 
10 No Penicillin and dihydro-
streptomycin Suspected
Lack of internal communication and inadequate marking of treated 
pigs - Farmer called slaughterhouse too late
11 No n.a. Farmer called slaughterhouse in time and treated pigs were driven back
12 No n.a. Farmer called driver in time to avoid deliverance of treated pigs. 
Problem arose because of lack of communication in combination 
with defect medication mixer
13 No Lincomycin, Ethacylin, 
Denagard suspected
Farmer called slaughterhouse too late
14 No Pigs tested negative for 
the drugs of interest
Farmer called slaughterhouse too late. All 170 pigs tested 
15 No n.a. Farmer called slaughterhouse in time and treated pigs were driven back 
16 No n.a. Farmer called slaughterhouse in time and pigs killed before slaughter
17 No Two pigs known to be 
treated with injectable 
antibiotics
Inexperienced driver took wrong pigs to slaughter. Farmer called 
slaughterhouse when aware of problem, but it was too late
*: Consisting of both official samples and own check samples. 
n.a.: Not applicable
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Table 2. Average prevalence of nine selected lesions in each of the eight pig herds where residues of antimicrobials 
were found through the Danish residue surveillance, July 2010 - August 2012
Code/Lesion
Prevalencea of lesions in eight herds Averageb 
of 
companyH1 H2 H3 H4 H5 H6 H7 H8
Chronic pleuritis 22.86 48.10 8.05 21.68 69.16 32.49 47.34 52.33 18.76
Tail bite 0.14 0 0.13 0 0.93 0.08 0 0.39 0.17
Chronic pericarditis 0.22 0 3.05 4.21 13.08 0 0.18 0 2.01
Chronic pneumonia 0.72 0.77 0.50 0.97 0.93 0.37 0 0 0.53
Chronic peritonitis 0.86 0.19 0.79 0 1.87 0.37 0.12 2.52 0.78
Osteomyelitis 0.22 0 0.26 0.32 0.93 0.29 0.18 0.39 0.31
Abscess hindquarters 0.50 0.26 1.19 0.65 2.80 1.80 0.67 1.55 0.98
Abscess leg/toe 0.79 0.26 1.29 3.56 0 0.82 0.79 1.79 1.07
Abscess forequarters 0.14 0.13 0.50 0.97 0 0.33 1.03 0.39 0.48
a: Figures in bold indicate a prevalence higher than the slaughterhouse company average. 
b: Based on data from the last quarter of 2012 for the entire slaughterhouse company. 
Table 3. Comparison of prevalence of chronic pleuritis in each of eight case herds with the average prevalence in the 
abattoir during a 3-month period prior to the finding of residues
Case  No.
Prevalence of chronic pleuritis in finisher pigs Prevalence 
ratioc
P-value 
(log. regr.)# of herds Average of abattoirb (%) 90% C.I.a (%) Case herd y/n (%)
1 2274 23.9 2.0-59.5 318 / 1391  (22.9) 0.96 0.87
2 2128 20.5 1.4-53.3 745 / 1549  (48.1) 2.35 0.04
3 1297 25.3 3.1-62.5 243 / 3020  (8.1) 0.32 0.39
4 1356 24.2 3.4-67.3 67 / 309  (21.7) 0.90 0.94
5 1354 23.7 3.7-66.3 74 / 107  (69.2) 2.92 0.38
6 2250 21.1 1.4-54.0 794 / 2444  (32.5) 1.54 0.33
7 2167 22.6 1.6-55.3 782 / 1652  (47.3) 2.09 0.05
8 1042 16.3 2.2-61.9 270 / 516  (52.3) 3.21 0.10
All herdsd 13868 22.3 2.0-60.0 (37.6) 1.69 n.a.
a: 90% percentile interval of the observed prevalence in the herds. 
b: Average prevalence of chronic pleuritis on the abattoir for that specific time period. 
c: ratio between the prevalence of chronic pleuritis in the case herd versus all other herds that delivered pigs to the same 
abattoir in the same period. 
d: one herd could contribute with more deliverances of pigs, because for each case herd all herds that delivered to the same 
abattoir in the same period were included. 
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Discussion
The results of this study indicate that chronic pleuritis might be a risk factor for use in surveillance. This is confirmed by 
Dutch data, which show a three times higher risk for such herds. In the Netherlands, risk-based surveillance for antimicrobial 
residues has been implemented in the pig abattoirs (Jelsma et al., 2006).
However, if a high prevalence of chronic pleuritis in a herd is used as the sole criterion for inclusion into the programme, only 
one fourth of the population will be covered in the surveillance. And this might result in some farmers losing the incentive 
to comply with the withdrawal period. Moreover, because there are other reasons for finding residues than a high prevalence 
of chronic pleuritis – as noted in Table 1 – it would make sense to include samples taken at random as well. Moreover, herds 
with prior history of non-compliance with withdrawal periods should also be included in the programme. For the group 
consisting of risk-based samples, a 50% reduction can be introduced because sampling is taking place in a compartment with 
a risk that is at least two times higher than in the remaining group. This implies that 25% of the costs related to taking samples 
can be saved without jeopardizing public health, because it will lead to more or less the same number of positive samples as 
in the current programme. 
It is important to evaluate the results of the programme separately for the different subgroups - random and risk-based - in 
order not to discourage slaughterhouse companies or governments from introducing risk-based programmes which will 
result in a higher number of positive samples due to the fact that sampling is taking place in herds with a higher risk.  
Other risk factors - reported in the cases where the farmers called in or where follow-up visits were conducted after findings 
in the surveillance programme - were inadequate marking of treated animals, lack of communication, and incorrect use of 
medication dispensers. And these latter reasons cannot be used as risk factors for a monitoring or surveillance programme. 
Instead, these are dealt with through information campaigns.
Conclusion
The prevalence of antibacterial residues in Danish finisher pigs is negligible; only eight cases were found over a 2.5-year time 
period, and among these only two were above the MRL. This makes it of interest to extend the use of risk-based principles in 
the surveillance programme. Resources could be spent more effectively, if sampling takes place in high-risk sub-populations, 
because such pigs have a higher probability of harbouring residues of antimicrobial origin. Hence, the number of positives 
might remain unchanged or increase – reflecting an equivalent level of safety – even when the sample size is reduced. 
Our study shows that in two of the eight cases, the prevalence of chronic pleuritis was significantly higher (p≤0.05) compared 
to all the other herds that delivered pigs to the same abattoir in the same time period, and in one herd it was borderline 
significant (p=0.1). Hence, pigs from herds with a high prevalence of chronic pleuritis might be associated with a higher risk 
of residues compared to pigs from other herds. 
Information campaigns targeted pig farmers should be aimed for to prevent presence of residues in meat at time of slaughter. 
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